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Con^lianc^ M Manitor and , Method, 

The invention relates to a compliance monitor and method 
for a drug delivery device. 

Many types of drug delivery device are used by patients r 
5 or users, without continuous supervision by a physician or 
medical practitioner. For example, an asthma inhaler may 
be provided by a physician to a user, for the user to take 
doses either according to a predetermined schedule or when 
necessitated by the user's symptoms. It is then difficult 
io for the physician to monitor the user's use of the drug 
delivery device and what dosage they have taken. 

• » « 

One type of inhaler is a pressurised metered dose inhaler 

(PMDI) as described in patent application WO 98/52542, 

which describes the Ciclesonide MDI device and 

i& formulation. 

Summary of invention 

The invention provides a compliance monitor and method as 
defined in the appended independent claims. Preferred or 
advantageous features of the invention are set out in 
20 dependent sub-claims . 

The invention may thus advantageously provide a compliance 
monitor which is attachable to, or forms part of, a drug 
delivery device, and which stores a coiqplianee record 
indicating for each delivery of a dose_qf_a_ drug or 
as medicament from the device whether the device was properly 
positioned for administration of the drug. Proper 
positioning may vary depending on the device and the drug; 
for example for an orally or nasally administered drug, 
proper positioning is positioning of the device in or near 
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the user' a mouth or nose. For delivery on or through the 
akin, proper positioning would be in contact with or near 
the skin. 



In a preferred embodiment, the invention may thus 
5 advantageously provide a compliance monitor for a drug 
delivery device for administering a drug orally, 
comprising a processor coupled to a switch, a sensor and a 
clock. The switch is actuatable by a user on delivering a 
dose from the drug delivery device. Advantageously, the 

■ 

io switch may be arranged so that operation of the drug 

delivery device by the user automatically actuates the 
switch. The sensor enables the compliance monitor to 
detect whether the device is positioned in the user' s 
mouth during delivery of the dose. For example/ the 

is sensor may detect mouth temperature or conductivity, or 
may detect a drop in light level , as a mouthpiece of the 
drug delivery device is inserted into the mouth. 



When the switch is actuated, the processor records the 
timer as output by the clock, and records whether or not 

20 an output from the sensor indicates that the device was 

properly positioned in the user's mouth during delivery of 
the dose. If delivery of a dose is indicated by actuation 
of the switch but the sensor output suggests that the 
mouthpiece of the device was not in the user's mouth, it 

25 may be assumed that the dose was not properly delivered, 
as may happen, for example, if the device is accidentally 
actuated. 



Preferably, data (the compliance record) from the 
compliance monitor may be downloaded to a docking station 
30 or a computer for analysis, for example by a prescribing 
physician or medical practitioner. 
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in a further aspect, the invention may provide a method 
for monitoring use of a drug delivery device by using a 
compliance monitor, comprising the steps of determining 
(1) whether or not the device is properly positioned in 
5 contact with or relative to the user's body for 

administration of a drug or medicament whenever the device 
is operated to deliver a dose of the drug, and (2) storing 
in a compliance record an indication of whether or not the 
device wad properly positioned in the user's mouth at each 
io operation of the device. 

The drug delivery device may advantageously be for oral 
drug administration, and is preferably an inhaler, for 
example for delivering a medicine or drug such as for the 
treatment of asthma. Such an inhaler may comprise or 

15 house a pressurised canister containing the drug and a 

propella'nt, so that depression of the canister within the 
drug delivery device delivers a dose of the drug. In a 
preferred embodiment of the invention, the switch is 
arranged so that it is easily, or automatically, actuated 

20 by the user on depressing the canister „ 

The compliance monitor may advantageously be removably 
attachable to the drug delivery device • It should be 
attachable to the drug delivery device so as not to 
interfere with or affect the performance of the device in 

25 delivering the drug. (This should similarly be the case 
if the compliance monitor forms part of the drug delivery 
device or is non-removably attachable to it.) A device 
such- as an inhaler must undergo. strict appraisal before it 
is approved for public use, and the compliance monitor 

so should be designed so that attaching it to or integrating 
it with such a drug delivery device should not require 
reappraisal of the device. Thus/ the compliance monitor 
should, in the case of an inhaler, advantageously attach 
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to the exterior of the inhaler and have no components 
which modify or interfere with the depression of the 
pressurised canister or tbe air or gas flow path through 
the inhaler - 

5 Thus, in a preferred embodiment, the invention provides a 
compliance monitor which attaches to the base of an 
inhaler casing and in which the sensor id located on an 
exterior surface of the inhaler mouthpiece. 

In addition, the compliance monitor actuation switch 
10 should preferably not interfere with or alter normal 

operation of the drug delivery device* For example, when 
attached to an inhaler, the switch may be positioned at 
the base of the inhaler housing so that a user may operate 
the inhaler by applying a finger to the upper end of the 
is canister, typically at the top of the inhaler, and a thumb 
to the switch at the base of the inhaler* 

The sensor is preferably a temperature sensor. 
Advantageously, the processor takes a temperature reading 
from the sensor at regular intervals, typically of between 

20 0.1 and 1.0 seconds, for example every 0.2 seconds, {The 
sampling rate may be temporarily increased when the switch 
is actuated.} The processor may thus detent insertion of 
the inhaler into the user's mouth by sensing a rapid 
change in temperature towards the mouth temperature. 

25 Optionally, the processor may subsequently confirm that 

the drug delivery device was placed in the user' s mouth by 
monitoring a change in temperature away from the mouth 
temperature when the device is removed from the mouth 
after delivery of a dose. 

30 A rate of change of temperature towards and/or away from 

the mouth temperature may also be used to detect insertion 
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of the drug delivery device into the mouth. The processor 
may also monitor ambient temperature, as measured by the 
temperature sensor before and after insertion into the 
mouth, and take account of the ambient temperature when 
5 determining whether or not the device was properly placed 
in the mouth when the dose was delivered. 

The sensor may alternatively be a light sensor. The 
processor would then detect insertion of the drug delivery 
device into the mouth by looking for a characteristic 
io change in light level. 

The sensor may alternatively be a conductivity sensor * for 
sanding a characteristic mouth conductivity when the drug 
delivery device is inserted into the mouth. 

Alternatively, a combination of such sensors may be used. 

is Whichever type of sensor is used, it should advantageously 

m 

be positioned externally to the drug delivery device 
mouthpiece so as not to interfere with operation of the 
device . 

According to a further aspect of the invention, after a 
20 period of time such as a few days or weeks, or up to a few 
months or more, the compliance monitor may be coupled to a 
docking station or a computer to download the compliance 
record, for example for review by a physician or medical 
practitioner. The record comprises for each delivery of a 
25 dose an indication of whether the drug delivery device 
mouthpiece was properly placed in the user's mouth."" it 
may also include the times at which doses have been 
delivered • The physician may thus determine when doses 
have been properly taken and when doses have been 
so delivered incorrectly, for example into free air, whether 
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by accidental or malicious operation of the device- The 
physician may thus assess the dosage actually taken by the 
user. Where regular dosed of drug are to be taken 
according to a prescription, the physician may thus assess 
s whether the user has followed the prescription. Where 
doses of a drug are taken in response to symptoms, the 
physician may assess what dosage or dosage frequency the 
user has required. Often, the physician may not know if a 
user' s continuing illness is due to not taking a drug in 
10 the prescribed maimer or because the drug is not 

effective* The compliance monitor may report when the 
drug is properly used so that the physician may discover 
whether the user is using the drug as prescribed. 

In a preferred embodix&ent, the compliance monitor 
is comprises a low-power microprocessor with timing 

capability and memory storage to record multiple uses of 
the drug delivery device. The sensor is a separate 
component which provides an analogue input to the 
microprocessor, sensitive to mouth temperature or 
20 conductance/ or light level, as described above. The 

monitor is advantageously effectively permanently switched 
on, so that the user does not have to intervene with 
monitor operation. The monitor advantageously comprises 
the microprocessor and other components housed in a small 
25 enclosure which is affixed to the drug delivery device, 
for example by means of a clip, an adhesive, or an 
adhesive label, advantageously, the monitor is relatively 
unobtrusive when fastened to the device. 
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Deapriptlon of Specific Embodiments and Best M ode of the 
Invention. 

Specific embodiments of the invention will now be 
described by way of example, with reference to the 
5 attached drawings in which; 

Figure 1 is a longitudinal section of a standard 
pressurised metered dose inhaler (PMDI) ; 

Figure Z is a perspective view of the PMDI of Figure 1; 

Figure 3 is a side view of the PMDI of Figure 1 having a 

xo compliance monitor according to a first embodiment of the 

» ■ » * 

invention fastened thereto; 

Figure 4 is a perspective view from beneath the compliance 

■ 

♦ 

monitor and PMDI of Figure 3; 

* 

Figure 5 is a cross section of the compliance monitor of 
15 Figure 3; 

Figure 6 is a front view o£ a docking station according to 
a furtber effibodiment of the invention for receiving the 
compliance monitor and inhaler of Figure 3; 

Figure 7 is a front view of the docking station of 
20 Figure 6 with the compliance monitor and PMDI in place? 
and 

Figure 8 is a block diagram of the circuitry of the 
coiqpliance monitor and docking station. 

Figure 1 is a longitudinal section of a conventional 
25 pressurised metered dose inhaler {PMDI), in which a 
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moulded plastics housing 2 comprises a cylindrical portion 
for receiving a pressurised canister 6, and a 
mouthpiece 8- The pressurised canister contains a drug 
and a propellent gas, When the canister is depressed into 
5 the housing by a user, the drug is expelled from a 

nozsle 10. At the earn© time, the mouthpiece is inserted 
into the user's mouth, and the user inhales to take a dose 
of the drug in known manner. 

Figure 2 is a perspective view of the FMDI, showing a 
10 generally bevelled, or cut-away, portion 12 of its 

exterior surface opposite the mouthpiece, at the base of 
the cylindrical portion opposite the exposed end of the 
canister which is depressed by the user. 

Figures 3, 4 and 5 illustrate a compliance monitor 
as embodying the invention. This comprises a moulded rubber 
housing 20 comprising an interface surface 22 shaped to 
abut the bevelled, or cut-away, portion 12 of the PMDI 
exterior. Advantageously, the interface surface clips 
onto the PMDI, but alternatively an adhesive or an 
20 adhesive label may be used to securely fasten the 
compliance monitor to the PMDI. 

Figures 3 and 4 illustrate the compliance monitor in 
position on the PMDI. Figure 5 shows the monitor in cross 
section. 

Within the rubber housing are mounted a battery 24, a 
switch 26, an electronics module 28, a temperature 
sensor 30/ and a set of contacts 32, The battery, 
electronics module, switch and contacts are mounted on a 
printed circuit board 34 and the temperature sensor is 
mounted at the end of a protruding portion 36 of the 
rubber housing which extends, in use, along an underside 

■ 
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of the PMDI mouthpiece eo that the temperature sensor 
enters or contacts the user's mouth when the mouthpiece is 
placed in the mouth. The rubber housing adjacent to the 
temperature sensor is sufficiently thin to allow rapid 
s heat conduction from the mouth to the sensor. 

The switch 26 is covered by a flexible portion 38 of the 
rubber housing/ to enable the switch to be depressed. The 
contacts 32 are covered by an openable portion 40 of the 
rubber housing which can be removed or opened when the 
10 compliance monitor is placed in a docking station as 
described below. 

* 

Figure 6 is a front view of the docking station 50 
comprising a cradle 52 for receiving the compliance 
monitor attached to the inhaler, A set of electrical 
is contacts 54 connects with the contacts 32 of the 

compliance monitor when docked, the 'docking station 
comprises a display 5€ and control buttons 58 for use to 
review data, downloaded from the compliance monitor. 

Figure 7 illustrates the cangpliance monitor and PMDX 
20 docked in the docking station 50. 

* 

Figure 8 is a block diagram of the electronic circuitry of 
the compliance monitor and the docking station, connected 
by their respective contacts 32, 54. 

The electronics module 26 of the compliance monitor 
25 comprises a processor 60 coupled to the contacts 32 and 
the switch 26 and/ at an analogue input r to the 
temperature sensor 30- The battery 24 powers the 
electronics module. 
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Within the electronics module, the processor is coupled to 
a memory 60 and a clock 62. 



The docking station 50 comprises a processor 64 coupled to 
the contacts 54, the display 56 a memory 66 and a 
5 clock 70- The processor is controlled by means of the 

control buttons 58 ♦ The processor is also coupled to an 
interface 68, which is couplable to an external device 
such as a computer. The interface 68 may be, for example, 
a USB port or other standard interface . 



10 When the compliance monitor is docked with the docking 

station, the docking station processor can interrogate the 
compliance monitor processor and download stored data into 
its own memory 66. The data can then be processed and 
displayed on the display screen 56 under the control of a 

15 medical practitioner through use of the buttons 58- Data 
downloaded from the compliance monitor is timed, using the 
compliance monitor clock, but this clock may not be 
synchronised with real time. Therefore, the clock 70 in 
the docking station, which is synchronised with real time, 

20 enables the data to be timed and date stamped after 
downloading. 



An object purpose of the compliance monitor of the 
embodiment is to allow a physician or other medical 
practitioner to monitor usage of a drug delivery device 
2* such as an inhaler, or PMDI, ufeed to treat conditions such 
as asthma where the regular and accurate taking of 
medication is necessary to treat the condition. To this 
end/ the physician clips the compliance monitor 20 on to 

the PMDI body 2 and activates the monitor by connecting 

• * 

30 the battery. The combined monitor and P&JDI are then 
supplied to the user, or patient, in the normal way. 
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9 

When the user requires medication, he inserts the 
mouthpiece B into his mouth, inhales and simultaneously 
depresses the upper end of the pressurised canister 6 in 
known maimer. This causes a unit dose of medication to be 
5 released and drawn by the user's breath through the 

mouthpiece* The compliance monitor switch is positioned 
on the base of the monitor such that the user can hold the 
monitor between finger and thumb and/ while depressing the 
upper end of the canister, simultaneously press on the 
10 switch. The switch is positioned so that this happens 

automatically if the user grips the inhaler between finger 
(on top of the canister) and thumb <at the base of PMDl 
housing) in the normal way- Closure of the switch tells 
the processor 60 that the PMDl has been operated, 

is The processor SO regularly monitors the ambient 

temperature close to the PMDl mouthpiece by means of the 
sensor 30, For example, the temperature may b£ monitored 
at intervals of between 0.1 seconds and 0.5 seconds, or 
1.0 seconds- When the mouthpiece is inserted into the 

20 user's mouth, the sensor will detect a rapid temperature 
change and this is signalled to the processor- Thus, a 
coincidence between sensing canister actuation (by means 
of the switch) and a rapid temperature change is taken to 
indicate that the drug has been delivered with the PMDl 

25 mouthpiece in the user's mouth and not, for example, in 

free space* This information is stored in the compliance 
monitor memory 60 along with a time from the clock 62, 

The user continues to use the PMDl for a period determined 
by the physician. At the end of this time, they return" ~~ 
30 the device to the physician. The physician then docks the 
monitor in the docking station and the stored data is 
transferred under control of the docking station 
processor 64, to the docking station memory 66. This 
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a compliance monitor for a drug delivery device for 
administering a drag, comprising; 

a switch actuatable by a user on delivering a dose 
from the device; 

a sensor for detecting whether the device is properly 
positioned in contact with or relative to the user' s 
body for delivery of the dose; and 

a processor coupled to the switch and the sensor for 
recording whether or not the device was properly 
positioned when the switch was actuated. 

A compliance monitor according to claim 1, which does 
not affect the normal operation of the drug delivery 



A compliance monitor according to claim 1 or 2, which 
is removably attachable to the drug delivery device. 

• - 

4 . A compliance monitor according to any preceding 

claim, comprising a dock coupled to the processor 
and in which the time of actuation of the switch is 
20 recorded ■ 

5. a compliance monitor according to any preceding 

ctaim> ._^ 

being positioning in contact with or relative to the 
user' s mouth, nose or skin, as appropriate for 

25 administration of the drug. 
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6. A compliance monitor according to any preceding 

claim, the drug delivery device being for topical 
administration of the drug* 



7. A compliance monitor according to any preceding 
5 claim, the drug delivery device being for oral 

administration of the drug, preferably by inhalation- 

8. A compliance monitor according to any preceding 
claim, the drug delivery device being an inhaler 
operated by the user depressing a pressurised 

to canister containing the drug,, and in which the switch 

is a pressure-operated switch actuatable as the user 

depresses the canister. 

• • • » 

9. A compliance monitor according to any preceding 
claim, the drug delivery device being a dry powder 

15 inhaler, a pressurised metered dose inhaler or a 

nebuliser. 



10. A compliance monitor according to any preceding 

claim, in which the sensor is a temperature sensor 
for sensing body temperature, for example mouth 
20 temperature • 



11- A compliance monitor according to any preceding 
claimr in which the sensor is a light sensor for 
sensing when the sensor is covered, for example by 
the mouth. 



25 12. A compliance monitor according to any preceding 

claim, in which the sensor is a conductivity sensor 
for sensing body conductivity, for example mouth 
conductivity* 
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13. A compliance monitor according to any preceding 
claim, in which a change in an output of the sensor 
characteristic of correct use of the drug delivery 
device is used to determine whether the device was 

s properly positioned when the dose was delivered. 

14. A compliance monitor according to any preceding 
claim, further comprising an output for downloading 
data to a docking station or a computer. 

15. A compliance monitor according to any preceding 
10 claim, in which the data comprises a compliance 

record of use of the drug delivery device, including 

a record of whether the sensor output indicates that 

• • » » 

the device was properly positioned on each occasion 
that a dose has been delivered. 



«» 



is 16. A docking station for use with a compliance monitor 

as defined in any of claims 1 to 15. 

17. A computer-readable medium carrying a computer 
program for programming a general purpose computer to 
receive and process data downloaded from a compliance 

20 monitor as defined in any of claims 1 to IS, 

18. A drug delivery device comprising a compliance 
monitor as defined in any of claims 1 to 15. 

19. A method of using a compliance monitor to monitor use 
of a drug delivery device for administration of a 

2& drug, comprising the steps of; 

determining when a user operates the device to 
deliver a dose of the drug; 
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sensing whether the device is properly positioned in 
contact with or relative to the user's body when the 
dose is delivered; and 

recording for each operation of the device whether or 
5 not the device was properly positioned. 

20. & method according to claim 19 f further comprising 
the step of determining and recording the time of 
eacft operation of the device. 

21. A method according to clairt 19 or 20, in which the 
10 drug delivery device is - for oral administration of 

the drug and proper positioning of the device is 
proper positioning in the user's mouth. 

22. A method according to claim 19 r 20 or 21, further 
comprising the step of downloading recorded data from 

15 the co*npliance monitor to a doclcing station or a 

computer to allow a compliance record to be reviewed , 
for example by a medical practitioner. 

23- A compliance monitor substantially as described 
herein^ with reference to the drawings. 

20 24 • A compliance monitoring method substantially as 

described herein, with reference to the drawings. 



i 
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(Figure 4) 



Compliance Monitor and Method 



& compliance monitor 20 is attachable to or forma part of 
5 a drug delivery device 9 sucli as an inhaler 2, The monitor 
comprises a switch 3B which is actuated by a user when 
delivering a dose of medicament. Ihe monitor further 
comprises a sensor for sensing whether the device is 
properly positioned in contact with or relative to the 

10 user's body fox administration of the medicament. For 

example , where the device is an inhaler and the sensor a 
temperature sensor/ temperature variations caused by 
insertion of an inhaler mouthpiece into the user's mouth 
indicate whether the dose has been delivered into the 

15 patient' s' mouth- A memory in the compliance monitor 

stores a compliance record indicating whether or not the 
device was properly positioned each time a dose was 
delivered. 
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